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Mahmoud et al.: Matrix Metalloproteinase-10 Overexpression in Urinary Bladder Cancer

Matrix metalloproteinase-10 is an extracellular matrix degradation enzyme that facilitates cell invasion 
in many cancers and is associated with poor clinical outcomes. In urinary bladder cancer, the clinical 
importance of matrix metalloproteinase-10 remains inadequately explored and poorly related to the 
patients clinicopathological factors and survival status. Hence, this study was conducted to explore matrix 
metalloproteinase-10 prognostic value in bladder cancer using a cohort of patients in Saudi Arabia. A 
total of 170 primary transitional cell carcinoma tissue sections of consent patients were prepared and 
arranged as tissue microarray, and the expression of matrix metalloproteinase-10 was analysed by 
immunohistochemistry. The potential clinical value of matrix metalloproteinase-10 was assessed by a 
correlation analysis of its expression with the patient’s clinicopathological features. The present data 
revealed that moderate (+2) and high (+3) matrix metalloproteinase-10 expression was detected in 47 % of 
our bladder cancer patient’s cohort. The expression was strongly associated with low-grade non-invasive 
tumours. The analysis also displayed a significant positive association of matrix metalloproteinase-10 
expression with better overall survival and a low recurrence rate (p=0.023). The study showed an 
association of matrix metalloproteinase-10 expression with less invasive tumorigenic profiles and a better 
overall survival rate. This finding may suggest matrix metalloproteinase-10 as a biomarker for favourable 
treatment response. Further prospective investigations are needed to profoundly evaluate matrix 
metalloproteinase-10 functional role in bladder cancer.
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Urinary bladder cancer is a common malignancy with 
an estimate of more than 570 000 new cases and 200 000 
deaths worldwide[1]. In Saudi Arabia, Bladder Cancer 
(BC) is ranked as the eleventh most deadly cancer type 
with an estimate of more than 880 new cases and over 
350 deaths only in 2020[1]. Despite laudable studies 
and efforts, BC continues to pose a great challenge 
for patients and their families as well as the healthcare 
system. About 50 %-70 % of BC in Saudi Arabia recur 
within 5 y with a higher potential of progression to the 
metastatic stage[2,3]. Based on the pathological analysis, 
BC can be classified into two genetically and clinically 
disparate categories: Non-Muscle-Invasive Bladder 
Cancer (NMIBC) and Muscle-Invasive Bladder Cancer 

(MIBC). NMIBC is a low-grade tumour, characterized 
by gain‑of‑function mutations which frequently affects 
Fibroblast Growth Factor Receptor 3 (FGFR3) and 
is suitable for localized therapy[4]. Yet, the low-grade 
non-invasive tumour often progresses rapidly to 
MIBC which is often characterized by loss-of-function 
mutations that inactivate tumour suppressors p53 and 
retinoblastoma[5]. 

So far, the management of BC largely has relied on 
patient’s clinicopathological parameters such as tumour 
grade and the Tumour-Node-Metastasis (TNM) stage, 
which are implemented as prognostic indicators of 
the disease outcomes[6]. However, these parameters 
are inadequate to predict the treatment outcomes and 
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often exhibit discrepancies, especially within the same 
grade/stage due to the high heterogeneity of the tumour 
cells[7].

In the precision oncology era, considerable efforts are 
being made to identify novel diagnostic and prognostic 
biomarkers to diagnose BC at an earlier stage, enhance 
clinical management and improve the stratification of 
high-risk patients[8]. Despite some promising outcomes, 
most of the biomarkers are lacking adequate sensitivity 
or specificity which necessitates the identification of 
additional prognostic biomarkers that could be more 
accurately used in BC prognosis and treatment.

In this context, Matrix Metalloproteinases (MMPs) is 
a family of more than 25 zinc-dependent proteolytic 
enzymes involved in a variety of normal physiological 
processes including cell proliferation, differentiation 
and migration[9]. Recently, increasing evidence 
showed the implication of MMPs in several cancer 
pathogeneses such as Extracellular Matrix (ECM) 
degradation, loss of cellular adhesion, Epithelial-
to-Mesenchymal Transitions (EMT), angiogenesis, 
cell invasion and distant migration[10]. Hence, several 
MMPs have been suggested as potential diagnostic or 
prognostic biomarkers for cancer which could reinforce 
the currently available diagnostic testing. Particularly, 
Matrix Metalloproteinase-10 (MMP10) (also known 
as stromelysin-2) has been recently associated with 
the increased malignancy of epithelial origin cancers 
such as skin, oesophageal, gastric, bladder and non-
small cell lung cancer[11]. MMP10 has been reported 
to degrade fibronectin collagen (type IV, V, IX and 
X), laminin, gelatine, elastin and proteoglycan core 
proteins[12]. The ability of MMP10 to degrade the ECM 
increases the tumour cells motility, which may allow 
the development of metastatic disease. Unlike many 
MMPs, which are localized mostly in stromal cells, 
MMP10 appears to be expressed by tumour cells[13].

Several studies have reported the overexpression 
of MMP10 transcripts in BC and the presence of 
MMP10 protein in urine samples of patients with 
more aggressive tumours[11,14-16]. A previous study 
also reported a moderate to high MMP10 protein 
expression in approximately 57 % and 35 % in patients 
with MIBC and NMIBC, respectively[11]. This may 
reveal a trend of association between malignancy and 
MMP10 expression. Hence, these findings incited us to 
investigate its prognostic value in our BC cohort. This 
study aimed to investigate the expression of MMP10 in 
BC using Tissue Microarray (TMA) analysis. A special 
focus was given to the correlation of MMP10 protein 

expression pattern with patient’s clinicopathological 
parameters, and to assessing the MMP10 as a potential 
prognosticator of BC.

MATERIALS AND METHODS
Subjects:
170 Formalin‑Fixed and Paraffin‑Embedded (FFPE) 
tissue samples of primary Transitional Cell Carcinoma 
(TCC) of BC were retrieved from consent patient’s 
materials of the Pathology Department archives at King 
Abdulaziz University Hospital (KAUH), Jeddah, Saudi 
Arabia. Patients were diagnosed and treated mainly at 
the Departments of Pathology and Urology, KAUH and 
King Faisal Specialist Hospital and Research Centre 
(KFSHRC), between 1996 and 2012. Only specimens 
containing more than 80 % tumour cells were used 
for analysis. The histopathological features of the 
carcinoma specimens were classified according to the 
TNM classification system. All clinical and pathological 
data of the patients were collected from the patient’s 
medical records. The key clinicopathological data of 
the patients are shown in (Table 1).
TMA construction:
TMA protocol previously described by Al-Maghrabi 
and his colleagues[17] was followed to construct and 
validate TMA slides of approximately 170 BC blocks to 
evaluate and analyze the expression pattern of MMP10.

Immunohistochemistry (IHC):
MMP10 rabbit monoclonal antibody (NCL-MMP10, 
Leica) was used to detect MMP10 protein expression 
and the colour was developed using Ventana iView 
3,3′‑Diaminobenzidine (DAB) detection kit on a 
Ventana BenchMark XT automated immunostaining 
system. Briefly, the protocol included the following 
steps using Ventana reagents: Deparaffinization with EZ 
Prep at 75°, heating, pre-treatment in Cell Conditioning 
(CC1) buffer for 8 min, treatment with mild CC1 for 
30 min for antigen retrieval at 100°, then incubation 
with the anti-MMP10 primary antibody for 16 min at 
37°. Slides were counterstained with haematoxylin II 
for 4 min and treated with bluing reagent for 4 min. 
Following the staining step, slides were removed from 
the automated slide stainer then those with a residual 
buffer were rinsed with a mild detergent followed by 
rinsing in water until complete removal of the soap. 
The slides were dehydrated through ascending grades 
of alcohol buffers (70 %, 95 % and 100 %) for 3 min 
in each concentration. Sections were mounted with 
Tissue-Tek mounting medium and covered with a glass 
coverslip.
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Scoring and evaluation of MMP10 expression:
The staining intensity of the tissue array sections was 
scored manually to check the expression levels of 
MMP10 using a Nikon brightfield upright microscope 
at 40× magnification. Scoring of MMP10 protein 
expression was carried out by two certified pathologists 
in a blind fashion to the clinicopathological parameters 
of the patients. The intensity of the staining was 
categorized into two groups: Low (no/weak) expression 
and High (moderate/strong) expression. The intensity of 
staining and the fraction of positively stained cells were 
used to calculate the staining index score by applying 
the following formula:
I=0xf0+1xf1+2xf2+3xf3
Where (I) is the staining index and (f0 to f3) are the 
fractions of the cells showing a level of staining 
intensity (from 0 to +3)[18].

Statistical analysis:
Statistical analyses were performed using the Statistical 
Package for the Social Sciences (SPSS) (IBM New 
York, United States of America) software packages 
(Predictive Analytics Software (PASW) Statistics for 
Windows, version 19). Frequency tables were analysed 
using the Chi-square test, with Likelihood Ratio (LR) 
or Fisher’s exact test to assess the significance of the 
correlation between the categorical variables. Odds 
Ratios (OR) and their 95 % Confidence Intervals (95 
% CI) were calculated, where it is appropriate using 
the exact method. Univariate survival analysis for the 
outcome measure (Disease‑Specific Survival (DSS) 
and Disease-Free Survival (DFS)) was based on the 
Kaplan-Meier method, with log-rank (Mantel-Cox) 
comparison test. In all tests, the values of p<0.05 were 
considered statistically significant.
RESULTS AND DISCUSSION 
Expression pattern of MMP10 protein profiling in 
urinary BC was shown below. Our cohort consisted 
of 170 cases with 71 % of low stage BC tumours, 45 
% low grade, 20 % presented with lymphovascular 
invasion. Smokers represented 63 % of the cohort. 
High expression of MMP10 protein was observed in 47 
% of the cases, as evaluated by the TMA analysis, the 
majority of them were low-grade non-invasive tumours. 
The frequencies of the MMP10 expression pattern in 
170 of BC samples were: No expression (0 %, 15 %), 
weak expression (+1, 39 %), moderate expression (+2, 
35 %) and strong expression (+3, 11 %) (fig. 1).
Concordance between MMP10 expression and the 
clinicopathological features of BC patients was shown 

below. Our data revealed a significant association 
between low expression of MMP10 with high BC 
stage (Table 1). Around 80 % of high stage tumours 
(III, IV) showed low cytoplasmic MMP10 expression 
compared to those at lower stages (I, II) (p<0.0005). 
Similarly, 86 % of lymph node-positive BC showed a 
statistically significant low MMP10 protein expression 
compared to non-invasive tumours (p<0.005) (Table 1). 
Interestingly, low MMP10 expression was also observed 
in 78 % of transitional cases and 49 % of metastatic 
tumours. Interestingly, the data displayed a significant 
increase in MMP10 expression in BC among smokers 
(p<0.018), however, the age and gender of BC patients 
did not show any significant relationship with MMP10 
expression pattern.
Correlations of MMP10 protein expression pattern with 
the survival outcomes was described here. The data of 
DSS were available for 170 patients. The results of 
Kaplan‑Meier survival analysis showed a significant 
(p=0.023, log-rank) correlation between MMP10 
expression and DSS (fig. 2). Patients with highly 
expressed MMP10 survived longer compared to their 
counterparts with low MMP10 protein expression. At 36 
mo follow-up time, about 75 % of patients with elevated 
MMP10 protein expression were alive compared to only 
50 % of their counterparts with no or under-expressed 
MMP10 (p=0.023, log‑rank; p=0.009, Breslow; fig. 2). 
For DFS, a similar trend with lower recurrence rates for 
patients with higher MMP10 expression was observed, 
although it was not statistically significant (p=0.2, log‑
rank; p=0.05, Breslow; fig. 3).
BC is the tenth most common malignancy with a steadily 
rising incidence and mortality rate worldwide[1]. Clinical 
management of BC largely depends on assessing several 
clinicopathological factors including tumour stage, 
grade and lymphovascular invasion. However, these 
factors are extremely variable and usually are affected by 
the high recurrence rate and diverse nature of BC which 
necessitate developing suitable diagnostic biomarkers 
to improve disease management. Recent advances in 
BC research have unveiled several biomarkers that 
are currently applied in cancer screening, diagnosis, 
stratification and surveillance of drug responses. 
Many of them are urinary biomarkers that assisted in 
decreasing the dependence on cystoscopy for diagnosis 
yet, most of them showed inconvenient rates of false 
positive and low sensitivity with low-grade and low 
stage BC[19]. Thus, more reliable biomarkers are 
needed for the earlier detection of BC. Several studies 
have reported the overexpression of MMP10 in many 
malignancies including BC, however, little is known 
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about the pathophysiological link between MMP10 
and the clinical management of BC[11,15,20,21]. This has 
strongly motivated us to explore the expression pattern 
of MMP10 to evaluate its diagnostic and prognostic 
values in our cohort of BC patients for better clinical 
management.
In the current study, we investigated the expression of 
MMP10 in a cohort of 170 consented BC patients along 
with their clinicopathological information. The finding 
of our study shows significant associations between low 
MMP10 expression and advanced stages and grades, as 
well as lymph node status (p=0.001, p=0.001, p=0.005, 
respectively; Table 1). These findings are consistent 
with previous studies that showed a negative correlation 

between MMP10 expression and the stage and grade of 
BC[11,22]. Based on these results, higher MMP10 protein 
expression seems to occur more frequently in early 
BC stages, which may be considered as a favourable 
indicator of a good prognosis. Other studies, however, 
reported no significant differences in MMP10 expression 
between histologically normal vs. MIBC bladder 
tissues[11,22]. Our results of the Kaplan-Meier analysis 
showed a significant positive association between 
MMP10 overexpression and survival outcomes mainly 
DSS (p=0.023, log-rank). This favourable prognostic 
value of MMP10 overexpression was marked by lower 
rates of both disease‑specific and disease recurrence 
(fig. 2 and fig. 3).

Feature Number of cases (%) Low expression 
(0, 1+) (%)

High expression 
(2+, 3+) (%)

p value (0,1 vs. 2,3) 
(Chi-square)

Age

<60 77 (45.3 %) 36 (46.8 %) 41 (53.2 %)

0.073>60 89 (52.4 %) 54 (60.7 %) 35 (39.3 %)

Missing 4 (2.3 %) - -

Tumour type

Transitional 144 (84.7 %) 76 (52.8 %) 68 (47.2 %)

0.176Non-transitional 22 (12.9 %) 15 (68.2 %) 7 (31.8 %)

Missing 4 (2.4 %) - -

Tumour stage

Low stage 96 (56.5 %) 46 (47.9 %) 50 (52.1 %)

0.001High stage 40 (23.5 %) 32 (80.0 %) 8 (20.0 %)

Missing 34 (20.0 %) - -

Tumour grade

Low grade 67 (39.4 %) 24 (35.8 %) 43 (64.2 %)

0.001High grade 83 (48.8 %) 57 (68.7 %) 26 (31.3 %)

Missing 20 (11.8 %) - -

LN status

Positive 22 (12.9 %) 49 (53.8 %) 42 (46.2 %)

0.005Negative 91 (53.5 %) 19 (86.4 %) 3 (13.6 %)

Missing 57 (33.6 %) - -

Vascular invasion

TABLE 1: CORRELATION BETWEEN MMP10 EXPRESSION AND CLINICOPATHOLOGICAL FEATURES OF 
BC PATIENTS
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Positive 21 (12.4 %) 51 (54.3 %) 43 (45.7 %)

0.008Negative 94 (55.3 %) 18 (85.7 %) 3 (14.3 %)

Missing 55 (32.3 %) - -

Metastasis

No 88 (51.8 %) 49 (55.7 %) 39 (44.3 %)

0.605Yes 21 (12.4 %) 13 (61.9 %) 8 (38.1 %)

Missing 61 (35.8 %) - -

Smoking

No 23 (13.5 %) 16 (69.6 %) 7 (30.4 %)

0.018Yes 39 (23.0 %) 15 (38.5 %) 24 (61.5 %)

Missing 108 (63.5 %) - -

DSS

Living 115 (67.6 %) 34 (65.4 %) 18 (34.6 %)

0.027Dead 52 (30.6 %) 54 (47.0 %) 61 (53.0 %)

Missing 3 (1.8 %) - -

DFS

No recurrence 121 (71.2 %) 63 (52.1 %) 58 (47.9 %)

0.55Recurrence 40 (23.5 %) 23 (57.5 %) 17 (42.5 %)

Missing 9 (5.3 %) - -

Fig. 1: Immunohistochemical staining patterns of MMP10 expression patterns in BC samples, (A) Negative; (B) Weak; 
(C) Moderate and (D) Strong expression under magnification of 40×
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Fig. 2: Kaplan-Meier analysis of MMP10 protein expression in BC. DSS outcome for patients according to their MMP10 protein 
expression status using low (0, 1+) vs. high (2+, 3+) as a cut-off (p=0.023, log-rank; p=0.009, Breslow)

Fig. 3: Kaplan-Meier analysis of MMP10 protein expression in BC. DFS outcome for patients according to their MMP10 protein 
expression status using low (0, 1+) vs. high (2+, 3+) as a cut-off (p=0.2, log-rank; p=0.05, Breslow)
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Unlike many MMPs suggested to be pro-metastatic 
factors, the expression of MMP10 in this study appears 
to be more consistently associated with less malignant 
behaviour of BC. MMPs were initially characterized 
as pro-tumorigenic proteases. The results of this study 
are unique since previous reports used to assume that 
all MMPs have a role in ECM degradation and cell 
invasion promotion. However, our results clearly 
showed that MMP10 is associated with less invasive 
tumorigenic profiles and better survival outcomes 
through a still poorly understood mechanism(s). 
These associations with better survival outcomes were 
particularly noticeable with the stromelysin, a MMPs 
subfamily which includes mainly MMP10, MMP3 and 
MMP11[23,24]. Similar findings reported that MMP10 
overexpression in BC promotes both DSS and DFS 
but did not suggest possible molecular pathways 
underlying these effects[25,26]. In line with our findings, 
the downregulation of MMP3 was also reported to 
promote tumour cell growth and metastasis in the 
squamous cell carcinoma mouse model[27].
Although MMPs overexpression is the most common 
feature in cancer compared to control tissues, several 
discrepancies and differences exist between MMPs 
subfamilies and/or tumour types. Despite we report 
here a favourable prognostic value in our BC cohort, 
MMP10 overexpression in other malignancies 
including oral, lung, breast, head and neck, prostate, 
and colorectal cancer showed a positive correlation with 
advanced staged tumour[13,28,29]. Thus, the expression 
of MMP10 has been suggested to degrade the ECM 
and increase the probability of tumour cells migration 
and metastasis[10,13,18,28]. This pro‑metastatic effect of 
MMP10 overexpression was suggested to be induced 
via the canonical Wnt Family Member 7a (WNT7a) 
pathway in BC. In this context, MMP10 expression 
has been proposed to work collectively with MMP1 to 
degrade the ECM, promote angiogenesis and facilitate 
cell invasion and metastasis either in primary or lymph 
nodes lesions[30]. Some previous studies also suggested 
MMP10 expression as a potential diagnostic biomarker 
when used in combination with other approved urinary 
BC biomarkers[20,31-34]. These findings together with our 
results suggest different molecular pathophysiological 
pathways of MMP10 in our BC cohort from Saudi 
Arabia (and the Arabian Peninsula in general). This 
could be also explained as a consequence of a specific 
genomic background combined with particular 
environmental factors that lead to distinctive molecular 
roots of tumorigenesis[35]. These molecular events could 
induce various signalling pathways involved in the 

onset and progression of cancer in general.
In another context and contrast to the canonical 
WNT7a pathway, the expression of MMP10 as 
previously reported is regulated by FGFR3, a receptor 
that promotes downstream division and differentiation 
pathways including Mitogen-Activated Protein Kinase 
(MAPK), Phosphatidylinositol 3-Kinase, Renin-
Angiotensin System (RAS) and Signal Transducer and 
Activator of Transcription 6 (STAT6)[31,36]. Alterations 
in FGFR3 are among the earliest and most frequently 
reported events in BC and could have a significant 
role in malignant progression. Yet, it often does not 
lead to worse outcomes as shown in our study[36]. The 
expression of FGFR3, mainly the mutated forms, in BC 
has been reported to upregulate MMP10 expression 
through the Extracellular Signal-Regulated Kinase 
Kinase (MEK)-Mitogen-Activated Protein Kinase 
(MAPK) pathway[31]. These reports led us to suggest that 
overexpression of MMP10 could be induced through 
FGFR3 pathways in early stages and less aggressive 
BC. This assumption is also consistent with Kaplan-
Meier analysis of FGFR3 expression which showed that 
patients with elevated expression of mutated FGFR3 
demonstrated longer DSS compared to those with 
lower expression[36-39]. Moreover, patients with FGFR3 
mutations are more likely to show a better response to 
anti-FGFR3 therapy[31,40]. Since the overexpression of 
the wild-type FGFR3 did not show association with a 
less aggressive phenotype in urothelial carcinoma[40], 
some BC patients of our cohorts may carry the mutated 
form of FGFR3, but this requires further investigation.
Single Nucleotide Polymorphisms (SNPs) changes in 
MMPs, particularly the stromelysin subfamily, have 
also been reported to drive either the protective or pro-
tumorigenic effect of an MMP. For instance, the wild 
type haplotype of MMP3 and MMP3-Six adenosines 
(6A) alleles have been associated with protective effects 
against metastasis in lung cancer and head and neck 
squamous cell carcinoma, respectively[41,42], whereas 
the MMP3-A5 allele variant was reported to upregulate 
gene expression and enhance the pro-tumorigenic and 
pro‑metastatic effects of MMP3 in breast cancer[43-46].
Taken together, this study highlights a positive 
association between MMP10 protein overexpression 
and better survival outcomes which are reported for 
the first time in the Arabic peninsula population. 
Other reports suggested that some MMPs have 
some protective roles in cancer[24]. However, the 
pathophysiological molecular pathways driving these 
effects seem to encompass several interconnected 
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factors and mutational events that are still poorly 
understood to explain the discrepancies. Therefore, this 
interesting prognostic value of our BC cohort should 
be expanded to confirm these MMP10 intricate effects 
through mutational screening of relevant upstream and/
or downstream targets. The use of high-throughput 
technologies and cross-platform validation is warranted 
to draw meaningful conclusions about the functional 
role of MMP10 in BC to extract clinically actionable 
targets towards personalized BC therapeutics.
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